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Objective.Given the high prevalence of suboptimal nutrition and low activity levels in children, we systemat-
ically reviewed the literature on the relationship between physical activity and dietary patterns and cognitive de-
velopment in early childhood (six months to five years).
Methods. In February 2016, we conducted two different searches of MEDLINE, PsycINFO, and ERIC. Each
search included either physical activity (including grossmotor skills) or diet terms, and neurocognitive develop-
ment outcome terms. Included studies were in English, published since 2005, and of any study design in which
the physical activity or diet measure occurred prior to age five.
Results. For physical activity, twelve studies (5 cross-sectional, 3 longitudinal and 4 experimental) were in-
cluded. Eleven studies reported evidence suggesting that physical activity or grossmotor skills are related to cog-
nition or learning. Both acute bouts and longer term exposures showed benefit. For diet, eight studies were
included consisting of secondary analyses from longitudinal cohort studies. A healthier dietary pattern was asso-
ciated with better cognitive outcomes in all studies, although some of the reported associations were weak and
the measures used varied across the studies.
Conclusions. Physical activity and healthy diets in early childhood are associated with better cognitive out-
comes in young children. The paucity of literature and the variability in the type and quality of measures used
highlight the need for more rigorous research. Given that the early childhood years are critical for both obesity
prevention and neurocognitive development, evidence that the same healthy behaviors could promote both
should inform future interventions.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Early life experiences shape a child's health and developmental tra-
jectory. Increasing evidence suggests that obesity prevention needs to
begin in early childhood because weight-related behaviors, such as
food preferences and routine levels of physical activity, have early ori-
gins (McGuire, 2011). Unfortunately, many young children in the U.S.
are not meeting dietary and physical activity recommendations, in-
creasing their risk for obesity and obesity-related health conditions
(Kranz et al., 2008; Reedy and Krebs-Smith, 2010; Beets et al., 2011;
Sisson et al., 2009; American Academy of Pediatrics APHA, and National
Resource Center for Health and Safety in Child Care and Early Education,
2012). Independent of weight status, poor diet and activity levels may
also have consequences for children's current and future health and de-
velopment. The early childhood years are a time for rapid and robust
growth in cognitive development, but also a time of great vulnerability
in this regard (National Research, 2000). Currently, limited evidence ex-
ists about the associations between children's diet quality, physical ac-
tivity and cognitive outcomes. Although two papers were recently
published describing activity and sedentary exposures and cognitive
outcomes, additional reviews are warranted especially ones focused
on both diet and activity (Carson et al., 2015a; Carson et al., 2015b).
Thus, given the high prevalence of suboptimal nutrition and activity
levels in children today and our limited knowledge of the effect on cog-
nitive outcomes, a systematic review of the associations between phys-
ical activity, nutrition, and cognitive development in early childhood is
needed.
Although the relationship between physical activity and cognitive
development in young children is not well understood, there are at
least three pathways throughwhich aerobic (Carson et al., 2015b) exer-
cise may facilitate cognitive functioning: (1) the acute cognitive de-
mands of goal-directed and engaging exercise, (Kranz et al., 2008) the
cognition required to execute complex motor movements, and (Reedy
and Krebs-Smith, 2010) the short- and long-term physiological changes
in the brain induced by aerobic exercise (Best, 2010). Compelling evi-
dence exists in older children and adults that physical activity, particu-
larly aerobic exercise and progressively challenging activities, and
physical fitness, enhance cognitive performance (Hillman et al., 2009;
Hillman et al., 2004; Fedewa and Ahn, 2011; Diamond and Lee,
2011a). Research among school-aged children has demonstrated that
physical activity is associatedwith academic achievement and desirable
classroom behavior (Trost, 2009; Welk et al., 2010; Carlson et al., 2008;
Davenport, 2010; Mahar et al., 2006; Rasberry et al., 2011). Previous as-
sumptions that younger children are sufficiently active along with the
unique challenges of measuring both physical activity and cognitive
outcomes in early childhood may have limited the amount and quality
of research in this age group.
Similar to physical activity, studies on animals, older children and
adults have found that dietary factors influence cognitive processes
and brain structure (Gomez-Pinilla, 2008). Studies in older children
and adults have found that a higher intake of a “Western style diet”
high in saturated fat and refined sugars can impair cognitive and aca-
demic performance possibly through its link to inflammation, oxidative
stress, the gut microbiome and the involvement of the hippocampus
(Jacka et al., 2015). The relationship between diet and cognitive devel-
opment in young children however has largely focused on nutrient de-
ficiencies, such as Vitamin B, which interfere with key cognitive
processes. Although the role of specific nutrients is important, it is un-
clear if early exposure to overall unhealthy dietary patterns, which are
low in nutrient-dense foods and high in added sugars and saturated
fat, negatively impact children's cognitive development. It is plausible
that healthier dietary patterns, which are rich in fruits and vegetables,
lean proteins and whole grains may promote cognitive ability via
changes to cellular processes, neuroplasticity, or epigenetic mecha-
nisms, but it is also plausible that an unhealthy diet limits optimal neu-
rological development (Bryan et al., 2004; Kussmann et al., 2010). In
addition the high brain growth velocity during early childhood may be
particularly sensitive to dietary factors (Isaacs et al., 2008). While the
underlying physiologic mechanisms are being researched, understand-
ing the relationships is important given that the typical diet of children
globally is suboptimal, with calories typically coming from solid fat and
added sugars, including high-fatmilk, high-fat meats, cheese, grain des-
serts, fruit drinks, soda, and candy (Reedy and Krebs-Smith, 2010;
Piernas and Popkin, 2011; Kiefte-de Jong et al., 2013; Lazarou et al.,
2009; Malik et al., 2013; Alexy et al., 2011). Since children consume
combinations of foods and nutrients, it is important to investigate the
relationship of dietary patterns more broadly with regard to cognitive
outcomes.
Given that early childhood is a formative developmental period, this
study addresses important knowledge gaps by systematically reviewing
the current literature on the relationship between physical activity and
dietary patterns with cognitive outcomes in early childhood (6 months
to five years).
2. Methods
This systematic review followed the PRISMA guidelines and the de-
tails of the protocol were registered on PROSPERO which can be
accessed at http://www.crd.york.ac.uk/PROSPERO/ (Registration No.
CRD42015025116) (Moher et al., 2009).
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In February of 2016, we conducted two separate searches of three
electronic databases — MEDLINE, PsycINFO, and ERIC. In both searches
two elements were used in the search strategy. The first element in-
cluded either physical activity terms common for both young children
and for general aerobic activity (e.g., physical activity, active play, or ex-
ercise) or diet terms that captured overall dietary patterns for young
children (e.g., diet* pattern, diet* index, infant* diet*); the second ele-
ment included in both searches consisted of outcome terms of
neurocognitive development (e.g., cognition, brain development,
neurocognitive, executive function or self-regulation). Search terms
were broad, including truncated terms and variations of the same
meaning to capture all relevant articles. (Appendix A lists full search
strings).
2.1. Physical activity
Studies related to physical activity were included they consisted of a
measure of non-sedentary activity assessed by accelerometers or direct
observation.Wemade this decision based on considerable research sug-
gesting that self- or proxy-reporting of physical activity has numerous
limitations including recall bias, social desirability bias, and varying def-
initions of what constitutes physical activity (Sallis and Saelens, 2000;
Welk et al., 2000). Both observational or intervention studies could be
included. We also recognized gross motor skills, specifically fundamen-
tal movement skills (FMS), as a basis for physical activity given that nu-
merous studies, including those in preschool age children, have found
evidence for a positive association between FMS competency and phys-
ical activity (Lubans et al., 2010; Stodden et al., 2008). FMS include loco-
motor (e.g., running and hopping) and object control (e.g., catching and
throwing) skills, both of which are acquired largely by participation in
specific movements and overall physical activity. Therefore studies
that included a standardized measure of gross motor skills or funda-
mental movement skills were included.
2.2. Dietary patterns
The USDA defines dietary patterns as the quantities, proportions, va-
riety or combination of different foods, drinks, and nutrients (when
available) in diets, and the frequency with which they are habitually
consumed (Library, 2014). Studies were included if there was a quanti-
tativemethod of assessing total diet (e.g., diet diary, 24-hour recall, food
frequency questionnaire), dietary pattern, diet index score, meal com-
position or other indicator of overall diet quality. Studies were excluded
if they focused solely on the effects of breastfeeding or breast milk, as
the existing evidence base for this area is strong (Belfort et al., 2013;
Smithers et al., 2015). The focus of the current review was on the
novel aspects of how dietary patterns are associated with cognitive
development.
2.3. Cognitive development & learning
Studies were included if an outcomemeasure of neurocognitive de-
velopment, intelligence quotients, and/or academic or school readiness
tests was included. In order to be as inclusive as possible and glean
whatever information we could from the limited literature that cur-
rently exists, we included a variety of age-appropriate “learning out-
comes.” An important component of neurocognitive development is
executive function, which is of particular importance in the preschool
years. Executive function is an umbrella term defined as the control, su-
pervisory, or self-regulatory functions of cognition, emotional response,
and behavior, and is often considered the foundation of preschool
children's neurocognitive development. Core executive functions in-
clude inhibitory control, working memory, and cognitive flexibility
(Isquith et al., 2005) and studies focusing on these outcomes were
therefore included. We also included studies that only focused on IQ
or other indirect measures of preschool academic achievement or
learning.
To be included, studies had to report that the initial assessment of
children's physical activity or diet occurred between six months (to co-
incide with complementary feeding) and up to five years of age. A few
studies also included 6 year old children and were deemed appropriate
for the review if the children had not yet entered elementary school.
Studies were limited to English language and those published since
2005, to include more recent and current methodologies in the mea-
surement of the exposures and outcomes. Our decision to limit the
search to 2005 and later was to improve the likelihood that the studies
included quality physical activity and dietarymeasures.With the excep-
tion of case studies, all study designs were eligible for inclusion. Studies
were excluded if there was an exclusive focus on psychosocial out-
comes, premature infants, a disease state or non-typical development
(e.g., autism spectrum disorders, spina bifida, etc.). Studies from low-
income countries (based on the World Bank Criteria) were also ex-
cluded due to the relationships between malnutrition and cognitive
outcomes which were outside the scope of this review (http://data.
worldbank.org/income-level/LIC, 2015).
The search strategy was carried out separately for diet and physical
activity. Titles and abstracts were screened by two authors. Full article
review of all potentially eligible studies was completed by two authors.
Disagreements between authors were resolved by consensus. To best
address gaps in the literature and be inclusive of varying study designs
and quality in this relatively novel field of work, we chose not to include
a systematic evaluation of the study quality but have broadly addressed
study strengths and weaknesses.
3. Results
Because there were two parallel review processes, we present re-
sults separately for diet and physical activity.
3.1. Physical activity
3.1.1. Study and sample characteristics
This search resulted in 8150 unique papers. Title and abstract review
eliminated all but 36 studies. Twelve papers met inclusion criteria and
are included in the physical activity review (Fig. 1).
Of the 12 studies, five were cross-sectional, three were longitudinal
and four experimental or quasi-experimental. Two studies included
physical activity interventions which included moderate to vigorous
physical activity that ranged between 30–60 min per session. One was
a cluster-randomized controlled trial (Mavilidi et al., 2015). Sample
sizes varied from 10 to over 10,201 participants, but eight of the studies
had less than 100 participants. Most studies were conducted in the US,
Europe or Australia; one took place in South Africa. The cognitive out-
comeswere also assessed in early childhood years in all but one longitu-
dinal study inwhich the cognitive outcomes assessment occurredwhen
the children were school-aged. Some study samples were drawn from
socioeconomically disadvantaged populations, while others provided
no socioeconomic data (see Table 1).
3.1.2. Reported associations
Eleven out of the twelve studies reported some level of evidence
suggesting that physical activity or gross motor skills are related to the
young child's cognitive functioning. Six studies used ameasure of phys-
ical activity (Becker et al., 2014; Palmer et al., 2013) or described a phys-
ical activity intervention, (Kirk et al., 2014; Draper et al., 2012; Mierau
et al., 2014) and five of these reported a positive association with learn-
ing outcomes. Both acute bouts and longer term exposures to physical
activity showed a positive relationship to executive function (particu-
larly self-regulation, sustained attention, andworkingmemory) and ac-
ademic tasks in these four studies. TheMavilidi et al. study explored and
found that children's learning of a foreign language vocabulary was
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positively associated with enacting the words through physical exer-
cises and movements (Mavilidi et al., 2015). The Mireau study, how-
ever, used a cross-over design and found no relationship between the
exercise condition and cognitive performance (Mierau et al., 2014).
In the five studies that measured fundamental movement or gross
motor skills, a consistent, positive association was noted between
those skills and executive function and/or academic oriented tasks
(Piek et al., 2008; Livesey et al., 2006; Rhemtulla and Tucker-Drob,
2011; Rosey et al., 2010). Data from the three longitudinal studies re-
ported a significant association of either baseline fitness (Niederer
et al., 2011) ormotor skills (Draper et al., 2012; Piek et al., 2008) and im-
proved attention and working memory over time.
3.1.3. Strengths and limitations
The generally small sample sizes and correlative nature of most of
the studies included do not allow for examination of directional or
causal relationships between the exposures and outcomes of interest.
Study design and measurement tools varied widely between studies,
but 11 of the 12 did find a positive relationship between the exposure
and outcomes. Three studies used accelerometers while the rest relied
on observation or standardized measures of gross motor skills or active
playtime. All studies used validated measures to assess learning out-
comes in children, although there was great variability in the measures
used, making comparisons across studies difficult. Only two studies ex-
amined differences by age or sex (Rosey et al., 2010; Davis et al., 2011).
3.2. Dietary patterns
3.2.1. Study and sample characteristics
This search resulted in 4007 unique papers. Title and abstract review
eliminated all but 10 studies which were read for content. Of these,
eight studies met inclusion criteria and were included in the final re-
view (Fig. 2).
All eight studies included were secondary analyses from longitudi-
nal cohort studies conducted either in the United Kingdom or
Australia (Table 2). Five of the eight papers were from the Avon Longi-
tudinal Study of Parents and Children (ALSPAC) (Golley et al., 2013;
Smithers et al., 2012; Smithers et al., 2013; Northstone et al., 2012;
Feinstein et al., 2008). Children's dietary data were collected between
the ages of 6 months and 3 years in five of the studies, and between
the ages of 3 and 5 years in the remaining studies. Although most stud-
ies employed food frequency questionnaires to capture dietary expo-
sure, one study used a single parent-reported 24-hour dietary recall
(Golley et al., 2013; Smithers et al., 2012; Smithers et al., 2013;
Northstone et al., 2012; Feinstein et al., 2008; Gale et al., 2009). Five of
the eight studies categorized dietary exposure into different dietary pat-
terns either by utilizing principal component analysis or creating meal
patterns (Smithers et al., 2012; Smithers et al., 2013; Northstone et al.,
2012; Feinstein et al., 2008; Gale et al., 2009). Two studies categorized
dietary exposure using a diet index or diet score and one used main
meal type (Golley et al., 2013; Nyaradi et al., 2013; von Stumm, 2012).
Each study created its own, slightly varied, definition of “healthy” and
“unhealthy” dietary patterns. “Healthy” usually aligned with recom-
mendations, in which fruits, vegetables and whole grains were impor-
tant while “unhealthy” usually included energy dense foods with high
sugar, high fat content.
In all studies, cognitive outcomes were collected between 3–
15 years of age (mean age 8.5) and for the majority this was at least
5 years following the assessment of diet quality. Most of the studies
used the Wechsler Intelligence Scale for Children (WISC) as one of
their measures to assess cognitive development. Other studies assessed
language or non-verbal reasoning (Table 2) (Golley et al., 2013;
Smithers et al., 2012; Smithers et al., 2013; Northstone et al., 2012;
Gale et al., 2009).
3.2.2. Reported associations
Overall, an “unhealthy” dietary pattern early in life was associated
with poorer cognitive outcomes in later childhood and a “healthy” die-
tary pattern was associated with better cognitive outcomes in all of the
studies. Some of the reported associations were weak and type of mea-
sures used (physical activity andmotor development) varied. For exam-
ple, in both of the Smithers et al. studies, a healthy dietary pattern, high
in lean protein and fresh fruits and vegetables, had a weak yet signifi-
cant, positive associationwith IQ at 8 years of age; while a discretionary
dietary pattern consisting of primarily of chocolate, biscuits, sweets, and
soda, was negatively associated with IQ scales (Smithers et al., 2012;
Smithers et al., 2013). These associations were attenuated by adjust-
ment, but remained significant.
Dietary patterns high in processed foods and added sugarwere asso-
ciated with lower school achievement, language and nonverbal
Fig. 1. Physical Activity Search Strategy.
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Table 1
Studies on physical activity, motor skills and cognitive development.
Reference Study design/country Characteristics of study Physical activity
measure
Outcome measure(s) Main results
Physical activity
Becker et al.
(2014)
Cross-sectional
single-group. USA
• N = 51 children
• Average age 4.8 years
• 43.1% female
• 49% enrolled in Head Start
• 19.6% Spanish speakers
• No SES information
• ActiGraph GT1M
accelerometer dur-
ing 30 min of free
outdoor play during
preschool
• Head–Toes–Knees–Shoulders task
(HTKS) for self-regulation
• The Letter-Word Identification
subtest of the Woodcock–Johnson
(to assess literacy)
• The Applied Problems subtest of
the Woodcock–Johnson (to assess
math skills)
• Active play positively correlated
with self-regulation and posi-
tively correlated with math
achievement
• Active play did not significantly
predict math or emergent liter-
acy scores
• Active play had a significant
indirect effect with math scores
as well as emergent literacy
scores through HTKS
Kirk et al.
(2014)
Quasi-experimental.
USA
• N = 72 children
• Intervention group, n = 51
• average age 3.8 years
• 56.9% female
• Control group, n = 21
• average age 3.9 years
• 42.9% female
• No race/ethnicity or SES
information
• Direct observation
• System for Observ-
ing Fitness Instruc-
tion Time (SOFIT)
• rating 3 times per
week
• assessed at 3 and 6
months
• Intervention
• Curriculum for 15
min of moderate
physical activity 2 ×
30 min total
• Pre-school Literacy Individual
Growth and Development Indica-
tors (IGDIs)
• Assessed at 3 and 6 months of
intervention
• Measured literacy and language
• Picture Naming assessment
• Rhyming assessment
• Alliteration Assessment
• Compared to control group,
intervention group showed sig-
nificant improvements in alliter-
ation and picture naming
between baseline and 3 to 6
months
Mavilidi et al.
(2015)
Cluster
randomized-controlled
rrial. Australia
• N = 111 preschool chil-
dren
• Mean age 4.9 years
• 15 child-care centers (4
centers in integrated
condition, 4 centers in
non-integrated, 4 centers
in gesturing, and 3 centers
in conventional control)
• Actigraph
acceleromter
• 4 conditions admin-
istered over 4
weeks:
1. Integrated physical
exercise condition
(vigorous exercise
related to the
word)
2. Non-integrated
physical exercise
condition (vigorous
exercise not related
to the word)
3. Gesturing condition
(child seated, ges-
ture related to
word)
4. Conventional con-
dition (child seated
and repeat the
word)
• Free-recall and cued recall of 14
Italian vocabulary words tested
during intervention (at 2 weeks),
immediately after intervention (at
4 weeks) and 6 weeks after inter-
vention (10 weeks). [Free recall is
asking child to name as many
words as they can, cued recall is
asking the child to use the Italian
word for a picture.]
• Children exposed to integrated
physical exercise condition could
freely recall more Italian words
than children exposed to other
conditions (non-integrated
physical exercise, gesturing
condition, and control condition)
during, immediately after, and 6
weeks after the intervention
• Children exposed to any move-
ment (integrated physical
activity, non-integrated exercise,
or gesturing) outperformed the
children in the sedentary control
condition in the cued recall task.
Mierau et al.
(2014)
Cross-over design —
subjects begin with
either exercise or a
control condition.
Germany
• N = 10 children
• Average age 5.8 years
• 100% male
• Weight and height in the
10th and 90th percentile,
respectively
• No race/ethnicity or SES
information
• Assessed at ages 5
and 6 years
• Heart rate was con-
tinuously measured
• 45 min exercise ses-
sions
• 3 ten-minute move-
ment games
• 15 min of soccer
• Assessed at ages 5 and 6 years of
age
• The determination test for children
(DTC)
• Measures accuracy and reaction
speed to rapidly changing visual
and acoustic stimuli
• Electrical brain activity measured
before and after exercise (or con-
trol condition) and continuously
during the cognitive task
• Reaction time decreased and
correct responses increased from
pre to post testing however,
there was no significant effect by
condition
Niederer et al.
(2011)
Cross-sectional and
longitudinal.
Switzerland
• N = 312 children at base-
line
• N = 245 children at
follow-up 9 months later
• Average age at baseline 5.2
years
• 49.4% female
• 79% of parents born out-
side of Switzerland
• 44% with low parental
education
• Direct observation at
baseline and 9
month follow-up
• 45–50 min assess-
ment of 3 tests
• Aerobic fitness
• Agility
• Dynamic balance
• Assessed at baseline and 9 month
follow-up
• Intelligence and Development
Scales – IDS
• Spatial working memory
• Konzentrations-Handlungverfahrn
fur Volrschulkinder -KHV-VK
• Attention
• Cross-sectional analyses
• Higher aerobic fitness was
related to better attention, but
not working memory
• Greater agility was related to
better working memory and
attention
• No outcome associations with
dynamic balance.
• Longitudinal analyses
• Higher baseline aerobic fitness
showed better attention over
(continued on next page)
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Table 1 (continued)
Reference Study design/country Characteristics of study Physical activity
measure
Outcome measure(s) Main results
time
• Better dynamic balance at base-
line showed better spatial work-
ing memory over time
• No other longitudinal
associations
Palmer et al.
(2013)
Cross-sectional
within-subjects study
cohort. USA
• N = 16 children
• 18.7% female
• Average age 4.1
• Average income $12,000
above national median
• No race or ethnicity
information
• Acti-Graph GT3X+
accelerometer
• Picture Deletion Task for Pre-
schoolers (PDTP)
• Measures response inhibition
• Preschoolers had significantly
improved ability to sustain
attention after the physical
activity condition compared to
the sedentary condition
Motor skill
Davis et al.
(2011)
Cross-sectional.
England
• N = 248 children
• Subsample: 4 year olds n
= 30, 5 year olds n = 30
• 50% female
• No race/ethnicity or SES
information
• Assessed at age 4 or
5
• Bruininks-Oseretsky
Test of Motor Profi-
ciency -2nd ed
(BOT-2) to test
motor ability
• Assessed at age 4 or 5
• Kaufman Assessment Battery for
Children -2nd ed (KABC-II)
• Measures short-term memory
• Visual processing
• Long-term storage and retrieval
• Fluid reasoning
• Crystallized ability
• Positive correlation between
overall cognitive score and over-
all motor score
• In 4 year olds, stronger correla-
tion for females than males
Draper et al.
(2012)
Quasi-experimental.
Pre/post-test with a
control group. South
Africa
• N = 83 children
• Intervention group, n = 43
• average age 4.75 years
• 52.5% female
• Control group, n = 40
• average age 4.67 years
• 32.5% female
• From disadvantaged and
low-SES settings in South
Africa
• No race/ethnicity
information
• No quantitative
measurement of PA
• Intervention
• Little Champs:
once/week 45–60
min physical activity
program led by a
trained coach
• Herbst test for fine/-
gross motor skills
administered
• Herbst early childhood develop-
ment criteria test
• Assessed cognitive functions for
school readiness in 3 to 6 year old
children
• Intervention group showed sig-
nificant improvement in cogni-
tive scores
Livesey et al.
(2006)
Cross-sectional.
Australia
• N = 36 children
• 58.3% female
• Average age 6.25 years
• No race/ethnicity or SES
information
• Assessed at ages 5
and 6 years
• Movement assess-
ment battery for
children (MABC -
Henerson and
Sugden, 1992)
• Assessed at 5 and 6 years of age
• Three Tasks
• Modified stop-signal task (SST)
• Response inhibition
• Modified Day-night Stroop task
• Response inhibition
• Rowe behavior rating inventory
(RBRI)
• Lower RBRI scores were associ-
ated with better ball skills
• Stroop task performance was
associated with better fine motor
skills
• The relationship between motor
performance and the SST perfor-
mance trended in the positive
direction but was not significant
• Partial correlation showed mod-
erate correlation between go--
signal reaction time and fine
motor and ball skills
Piek et al.
(2008)
Longitudinal cohort.
Australia
• N = 33 children
• Age at testing 4 months–4
years; age at re-testing
6–12 years
• 48.5% female
• No race/ethnicity or SES
information
• Ages in Stages Ques-
tionnaire (ASQ) for
motor skills
• completed at 4, 6, 8,
12, 16, 18, 20, 24, 30,
36, and 48 months
• Assessed at school age (between
ages 6–12 years)
• Wechsler Intelligence Scale for
Children (WISC-IV fourth edition)
• Verbal comprehension (VCI)
• Working memory (WMI)
• Processing speed (PSI)
• Perceptual reasoning (PRI)
• Gross motor trajectory (control-
ling for SES) did not predict VCI
or PRI but was significant for
WMI and PSI
• The ASQ gross motor trajectory
set of predictors accounted for a
significant proportion of the var-
iance in cognitive performance
once SES was controlled
Rhemtulla and
Tucker-Drob
(2011)
Longitudinal survey.
Early Childhood
Longitudinal
Study-Birth Cohort
(ECLS-B). USA
• N = 10,201 children
• n = 8300 at age 4
• n = 6800 at age 5
• n = 1850 at age 6
• 51.1% female
• Race/Ethnicity: 41.4%
white, 15.9%
African-American, 20.5%
Hispanic, 11.3% Asian, and
10.8% other
• Assessed at age 4, 5
and 6
• Gross motor skills
• Jumping
• Balancing
• Hopping
• Skipping
• Walking backwards
• Catching a bean bag
• Assessed at age 4, 5, and 6
• Reading
• Preschool Language and Assess-
ment Scale – preLAS
• Preschool Comprehensive Test of
Phonological & Print Processing
• Peabody Picture Vocabulary Test
• Mathematics
• Measures number sense
• Oral language
• Let's tell stories task from preLAS
• The rates of developmental
change in every domain (motor
and cognitive) were positively
inter-correlated with a common
factor, which accounted for an
average of 42% of individual dif-
ferences in change
• Findings suggest significant rela-
tionships between the develop-
ment of several cognitive and
motor skills in childhood
Rosey et al.
(2010)
Cross-sectional
within-subjects' design.
USA
• N = 61 children
• Age groups 3–5 years old
• 3-year olds, n = 16 (62.5%
female, average age, 3.4
years)
• 4-year olds, n = 25 (44%
female, average age, 4.25
• Three fundamental
movement skills
measured
• Unipedal balance
• Overarm throw
• Hopping
• Tasks analyzed on
film
• Day-Night
• verbal inhibition
• Hand-Candle
• motor inhibition
• Tap-Once/Tap-Twice
• motor inhibition
• Go-No Go task
• Delayed inhibition
• Inhibition task performances
were correlated with coordina-
tion level for the three motor
skills for the 3–4 year old chil-
dren only
• Non-verbal inhibition was a
coordination level predictor
384 P.S. Tandon et al. / Preventive Medicine Reports 3 (2016) 379–390
reasoning (Feinstein et al., 2008; Nyaradi et al., 2013). As part of a lon-
gitudinal cohort, von Stumm found that “slowmeals” (sit down restau-
rant, or meal with fresh ingredients) at age 3 were associated with
better cognitive performance at age 5 (von Stumm, 2012). They also
found that higher socio-economic status was associated with better
cognitive performance at children's age 3 and 5 years, and this effect
was partially mediated by the frequency of having more slow vs. fast
food meals per week.
Both Golley et al. and Gale et al. found that adherence to healthy eat-
ing guidelines at 6 months of age was consistently associated with
higher IQ at age 4 and age 8 (Golley et al., 2013; Gale et al., 2009).
Gale et al. didfind that childrenwho adhered to healthy eating guidance
at age 6 months tended to be breastfed for longer but adjusting for this,
there was no effect on the associations between the guidelines scores
and intelligence at age 4 years. Golley et al. on the other hand included
“breastfeeding duration” as part of the healthy eating guidelines. In both
these studies, associations were attenuated after adjustment.
Northstone et al. did not find an association between a “health-con-
scious” dietary pattern and IQ at age 8 (Northstone et al., 2012) but
this study did find associations between a “processed” (foods high in
fat and added sugar content that came from processed and convenience
foods) and a “snack” dietary pattern (included finger foods such as fruit,
biscuits, bread and cakes) at age 3 and decreases and increases in IQ at
age 8, respectively.
3.2.3. Strengths and limitations
All of the diet studies consisted of large samples taken from longitu-
dinal cohort studies, which allowed for the analysis of early exposure
and long-term cognitive outcomes. However, several of the studies
were from the sameALSPAC cohort andhad limited data on different ra-
cial/ethnic minority groups and incomplete data from some groups,
which may limit generalizability. Furthermore, all of the studies are
Fig. 2. Diet Search Strategy.
Table 1 (continued)
Reference Study design/country Characteristics of study Physical activity
measure
Outcome measure(s) Main results
years)
• 5-year olds, n = 20 (75%
female, average age, 5.25
years)
• No race or ethnicity
information
• Trail Making Test
• 5-year old children only
more than the verbal or delayed
inhibition
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Table 2
Studies on diet and cognitive development.
Reference Study design/country Characteristics
of study
Diet measure Outcome measure Main results
Feinstein
et al.
(2008)
Longitudinal cohort
study: ALSPACa.
England.
• N = 5741
• 51% female
• 94% white
• Dietary patterns created from
FFQb data at 38 months, 54
months and 81 months using
factor analysis
• Measured between age 10 &
11
• School Attainment, mea-
sured using Key Stages stan-
dards
• Used KS2c for English, Math
and Science
• Junk food dietary pattern at age 3 associated with
lower results on KS2.
• Health conscious pattern at age 3 associated with
higher results on KS2.
• Only the effect of the junk food pattern remained
significant after adjusting for confounding
variables.
Gale et al.
(2009)
Longitudinal cohort
study, the
Southampton
Women's Survey.
England.
• N = 241
• 46% female
• No race or
ethnicity
information
• Dietary patterns created from
FFQ data at 6 and 12 months
using PCAd
• Measured at age 4
• Wechsler Pre-School and
Primary Scale of Intelligence
test
• Measure of FSIQe, VIQf, and
PIQg
• Developmental Neuropsy-
chological Assessment
• Measure of attention, senso-
rimotor ability, memory, and
language
• Test of Visual-Perceptual
Skills
• Measure of visual perception
• Infant guidelines pattern, described as a pattern
that “conforms to feeding guidelines as recom-
mended in infant feeding manuals”, at 6 months
associated with increases in FSIQ and VIQ.
• Borderline significant positive association
between the infant guidelines pattern at 6
months and sentence repetition scores.
• All other associations were not significant.
Golley et al.
(2013)
Longitudinal cohort
study: ALSPAC.
England.
• N = 4429
• Subsample
with mater-
nal IQ N =
1776
• 50% female
• No race or
ethnicity
information
• Dietary intake at 6 months via
caregiver completed question-
naire
• Created CFUIh as a measure of
diet quality
• Measured at age 8
• WISCi Version III
• Measure of FSIQ, VIQ, and
PIQ
• CFUI score was positively associated with FSIQ,
VIQ, and PIQ.
• Upon adjusting for maternal IQ, relationship
between CFUI and FSIQ and VIQ remained signif-
icant.
• All other associations were not significant.
Northstone
et al.
(2012)
Longitudinal cohort
study: ALSPAC.
England.
• Overall
cohort N =
6944
• 47% female
• No race or
ethnicity
information
• Complete
data avail-
able for N =
3966
• Dietary patterns created from
FFQ data at 3, 4, 7, and 8.5
years using PCA
• Measured at age 8.5
• IQj assessed using WISC Ver-
sion III
• Tested picture completion,
information, arithmetic,
vocabulary, comprehension,
and picture arrangement
• Processed food pattern at age 3 associated with a
decrease in IQ.
• Health-conscious pattern at age 8.5 years associ-
ated with increase in IQ.
• Snack pattern at age 3 associated with an
increase in IQ.
Nyaradi
et al.
(2013)
Longitudinal cohort
study: Raine cohort.
Australia.
• N = 1346
for PPVT IIIk
measure
• 49% female
• N = 1455
for Raven's
Colored
Matrices
• 48% female
• No race or
ethnicity
information
• EATl diet score developed
using 24-h recall data at ages
1,2, and 3
• EAT score based on Dietary
Guidelines for Children and
Adolescents in Australia
• Includes 7 food categories:
whole grains, vegetables,
fruits, meat ratio, dairy, snack
foods, sweetened beverages
• Measured at age 10
• PPVT III
• Measure of receptive vocab-
ulary and verbal ability
• Raven's Colored Progressive
Matrices
• Measure of nonverbal rea-
soning ability
• EAT score at age 1 associated with higher PPVT III
and nonverbal cognitive ability. Dairy consump-
tion at ages 2 and 3 positively associated with
verbal cognitive outcomes.
• Higher intake of sugar-sweetened beverages
negatively associated with nonverbal reasoning
ability.
Smithers,
et al.
(2012)
Longitudinal cohort
study: ALSPAC.
England.
• N = 1366
• 49% female
• 97% white
• Dietary patterns created from
FFQ data at 6, 15, and 24
months using PCA
• Measured at age 8
• WISC Version III
• Measure of FSIQ, VIQ, and
PIQ
• Nutrient-dense dietary patterns associated with
increases in FSIQ and VIQ and discretionary pat-
terns associated with decreases in FSIQ and VIQ.
• At 6 and 15 months, ready-prepared baby foods
associated with decreases in FSIQ and VIQ.
• At 24 months, ready-to-eat dietary pattern asso-
ciated with increases in FSIQ and VIQ.
• All other associations were not significant.
Smithers
et al.
(2013)
Longitudinal cohort
study: ALSPAC.
England.
• N = 7652
• 50% female
• 96% white
• Dietary pattern trajectories
created from FFQ data at 6, 15,
and 24 months using PCA
• Measured at age 8 and 15
• WISC Version III at age 8
• Measure of FSIQ, VIQ, and
PIQ
• Abbreviated version of the
Weschler Abbreviated Scale
of Intelligence at age 15
• Tested vocabulary and
matrix reasoning
• Measure of IQ
• Healthy dietary pattern trajectory was weakly
associated with higher IQ at age 8 but not age 15.
• Discretionary and Traditional trajectories were
associated with lower IQ at age 15 but not age 8.
• The Ready-to-eat trajectory had no association
with IQ at either age.
von Stumm
et al.
(2012)
Longitudinal birth
cohort study: The
Growing Up in
• At baseline,
N = 5217
• 49% female
• Frequency of type of children's
main meal type per week,
defined as fast or slow food.
• Measured at age 3 and 5
• British Ability Scales II which
includes Naming Vocabulary
• Meal types at age 3 positively associated with
vocabulary and picture test performance at age 3
and with vocabulary test performance at age 5.
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correlational and non-experimental and utilized only IQ as a measure-
ment rather than utilizing executive function measures or measuring
other cognitive domains.
The measurement tools utilized to capture diet (food frequency
questionnaires and a single 24-hour recall), may not accurately capture
typical dietary intake. In addition, it is possible that children may be
spending a large portion of their time in a preschool setting which ex-
posed them to a different food environment. The reviewed studies did
not differentiate between dietary intake in these two environments
and/or capture information from what was eaten specifically in pre-
school. Furthermore, several studies used principal component analysis
to categorize the diet exposure into certain patterns which allowed for
subjective decisions on grouping data. In many studies there was a sig-
nificant gap in the ages at which diet and cognition were assessed, in-
creasing the likelihood that other factors may have influenced the
cognitive outcomes observed. Finally, although seven of the eight stud-
ies adjusted for confounding variables, residual confounding may
remain.
4. Discussion
The goal of this study was to review the literature on how dietary
patterns and physical activity are associated with cognitive develop-
ment in early childhood (6 months to five years). We found evidence
suggesting that being physically active and having a healthy diet before
the age of 5 is associated with beneficial cognitive outcomes. The pau-
city of literature on these topics and the variability in the type and qual-
ity of measures used in the reviewed studies, however, highlight the
need for additional research utilizing more rigorous methodology.
Given that the early childhood years are critical for both obesity preven-
tion and neurocognitive development, evidence that a healthy diet and
regular physical activity could promote both is informative and signifi-
cant. Although none of the studies included in this review took an inte-
grated approach, an opportunity exists to include physical activity and
diet together to gain a better understanding of how these health-
related behaviors influence cognitive outcomes and child development.
In addition, studying these in conjunction may help inform interven-
tions within early childhood care settings, which typically emphasize
early learning.
With regard to physical activity, two previous reviews of studies
with school-aged children found that aerobic and vigorous physical ac-
tivity were positively associatedwith cognition, academic achievement,
behavior, and psychosocial function (Diamond and Lee, 2011b; Lees and
Hopkins, 2013). Our review extends the finding of these reviews and
suggests that this association may be present during early childhood.
Some studies in the current review explored a more acute relationship,
while others involved long term participation in physical activity. Taken
together, there is evidence, albeit weak, to support both short and lon-
ger term cognitive benefits of physical activity in the early childhood
years. Our findings also support those of a recent review which con-
cluded that while preliminary evidence of the beneficial effects of phys-
ical activity was observed, more research is needed (Carson et al.,
2015a). Different from past reviews, ours brings together both diet
and physical activity and different aspects of cognition (e.g., academic
tasks). There is some evidence in adults that dietary factors influence
the association between PA and cognitive performance (Leckie et al.,
2014), and this relationship has been identified as a gap in the literature
(Erickson et al., 2015).While we found no studies that included both PA
and diet, this would be an important area for future research both in
terms of exploring additive or multiplicative benefits and also because
they often can be intervened upon simultaneously.
Our review of the literature also found that fundamentalmovement/
gross motor skills (FMS) were positively associated with cognitive per-
formance in early childhood. While not typically included in the defini-
tion of “physical activity,” the development of fundamental movement
skills is associated with opportunities for movement, and our findings
suggest that FMS, in turn, are associated with cognitive development
(Goodway and Branta, 2003; Robinson et al., 2012). Because these pa-
pers reported cross-sectional relationships, we can only conclude at
best that a relationship exists between motor skills and cognitive func-
tioning in young children, which could be bidirectional ormerely due to
the inter-relatedness of the various developmental domains in children.
Although genetic and physiologic factors influence development, there
are also likely environmental and behavioral factors present in the
home and/or early learning settings that could promote both motor
and cognitive development (Goodway and Branta, 2003; Tucker-Drob
et al., 2013). In addition, several studies have noted a decline in pre-
schoolers' motor skills over the past decade which may be reflective of
fewer physical activity opportunities (Roth et al., 2010; Hardy et al.,
2013). Although we did not find evidence for causality, the interdepen-
dence and interrelatedness of motor and cognitive development has
been previously recognized (Diamond, 2007) but arguably less empha-
sized in current early learning efforts.
Young children are likely to achieve physical activity through play,
which is also essential for their cognitive, physical, social, and emotional
growth and development (Copeland et al., 2012; Pellegrini and Smith,
1998). Suggestions of ways to integrate physical activity into preschool
models are available butmorework is needed on how to integrate these
Table 2 (continued)
Reference Study design/country Characteristics
of study
Diet measure Outcome measure Main results
Scotland study.
Scotland.
• At age 3, N
= 4193
• At age 5, N
= 3833
• No race or
ethnicity
information
• Fast food: frozen/ready
prepared, take away meal,
fast-food meal
• Slow food: sit down
restaurant, or meal with fresh
ingredients
• Obtained through parent
interviews
and Picture Similarities tests
• Measure of expressive lan-
guage ability and non-verbal
reasoning
• Meal types at age 5 positively associated with
cognitive performance at age 5.
• Type of meals partially mediated the effects of
socioeconomic status on cognitive performance
at age 3 and 5.
• Having more slow meals was positively associ-
ated with changes in vocabulary at ages 3 and 5.
a Avon Longitudinal Study of Parents and Children.
b Food Frequency Questionnaire.
c Key Stage 2.
d Principal Component Analysis.
e Full Scale Intelligence Quotient.
f Verbal Intelligence Quotient.
g Performance Intelligence Quotient.
h Complementary Feeding Utility Index.
i Wechsler Intelligence Scale for Children.
j Intelligence Quotient.
k Peabody Picture Vocabulary Test.
l Eating Assessment in Toddlers.
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examples into the preschool curriculum to create physically active
learning environments (Gagne and Harnois, 2013; Gartrell and
Sonsteng, 2008). The recent robust interest in the importance of birth-
to-five early childhood educationmay be having the unintended conse-
quence of squeezing out opportunities for active play at the expense of
traditional and sedentary learning activities. Understanding the rela-
tionship of physical activity with learning in the early years would be
of potential interest to educators, policy makers, and others interested
in promoting environments and programs that support health, learning
and well-being in the early childhood years and beyond. In fact, best
practices recommendations in the US suggest 60–120min of daily phys-
ical activity for preschool age children (American Academy of Pediatrics
APHA, and National Resource Center for Health and Safety in Child Care
and Early Education, 2012; McWilliams et al., 2009; Physical Activity
and Fitness Recommendations for Physical Activity Professionals,
2002); considerably less than other countries, such as Australia
(Australia's Physical Activity and Sedentary Behaviour Guidelines's,
2014), Canada (Lipnowski and Leblanc, 2012) and the U.K. (Physical
Activity Guidelines, 2011), which recommend 180 min per day for this
age. Evidence that characteristics of active play support key aspects of
cognitive functioning involved in learning would bolster efforts to in-
crease active play in young children.
Our reviewalso found preliminary evidence suggesting a positive as-
sociation between healthy dietary patterns (defined as diets high in
fruits, vegetables, whole grains) before the age of 5 and later childhood
cognitive outcomes. Although the findings provide some indication of
positive associations, the limitations of the work point towards the
need for additional investigations in this area. Historically, the focus of
the relationship between diet and cognition has been on how certain
nutrient deficiencies can interfere with cognitive function. Similarly,
much attention has been placed on the role of breastmilk and better de-
velopment of brain function (Belfort et al., 2013; Smithers et al., 2015),
whichwas outside the scope of the current literature review. Given that
the typical diet of children globally is low in fruits, vegetables andwhole
grains, and high in energy dense snack foods such as candy, soda and
desserts, it is important to explore young children's dietary patterns
and their association with cognitive outcomes. If future studies in this
area confirm a causal relationship, there would be additional motiva-
tions for improving healthy eating across different environments
(home and early learning settings) where a young child spends time.
Providing young children with healthy early education and care en-
vironments, which include sufficient opportunities for physical activity
and provision of healthy diets, is challenging formany reasons including
competing interests, cost and beliefs. Priorities for school readiness re-
sults in child care providers feeling pressured to focus on academics at
the expense of active play (Gaus and Simpson, 2009). Also, a recent sur-
vey of parents found that while they reported that outdoor active play
was important for preschoolers, they placed more value on other aca-
demic activities (manuscript under review). Similarly, creating a healthy
food environment within early child care settings has been a challenge
and a study found that foods served in child care centers did not meet
USDA guidelines (Schwartz et al., 2015). While the United States has
federal performance and program standards for child care settings, bar-
riers to servinghealthy foods remain. The link betweenphysical activity,
dietary patterns and preschooler's cognitive outcomes are gaps in the
literature; which, once filled, could provide additional motivation for
programs and policies to promote healthier foods and more active
childhoods.
Strengths of this review include the systematic and thorough search
strategy that builds on previous reviews by focusing on a younger age
range and addressing both nutrition and physical activity components.
Several limitations also existed. The review was limited to the past
11 years and studies in English, thus we may have missed the contribu-
tions of literature outside of those parameters. Not all studies reported
the children's weight status or adjusted for it in their analyses, limiting
our ability to specifically look at obesity as a variable. Our pool of studies
was limited and study design and measurement tools varied widely,
which precluded our ability to make direct comparisons between stud-
ies. Also, unmeasured characteristics such as prenatal and genetic fac-
tors may exist which could explain some significant associations
between exposure and outcomes. Unfortunately with small samples,
studies may have not been able to account for potentially confounding
variables. In addition, because the studies included are not pre-
registered randomized controlled trials, we are unable to account for
publication bias. Finally, the cognitive outcome measures used may
not accurately capture those most sensitive to physical activity and
diet exposures. For example, several studies focus on academic out-
comes while others use tasks for specific executive functions. Future re-
search should consider the best way to measure cognitive outcomes of
interest that would also be sensitive to change.
Healthy dietary patterns and physical activity behaviors in the first
five years of life are fundamental to health, including weight status,
both in the early childhood years and beyond (McGuire, 2011). While
not the focus of this systematic review, it is also possible that obesity
and cognitive status are linked. There is inconsistent evidence that in-
creased adiposity in children is associated with poorer neurocognitive
functioning and academic performance, although the directionality of
that relationship is not well understood (Datar and Sturm, 2006; Yau
et al., 2012; Liang et al., 2014; Afzal and Gortmaker, 2015). Research
has demonstrated an association between obesity and abnormalities
in brain tissue; perhaps parts of the developing brain may be sensitive
to the metabolic changes associated with excess adipose tissue (Miller
et al., 2009). Alternatively, poor neurocognitive function could lead to
behaviors that increase risk of obesity. Although additional research in
this area is required, our findings support efforts to improve nutrition
and physical activity in the early childhood years, including those fo-
cused on early learning environments.
Beyond the known benefits for weight status, our systematic litera-
ture reviews suggest that there is some evidence that physical activity
and diet patterns are also important to cognitive development. Since
there are racial/ethnic disparities in early life risk factors for childhood
obesity, such as early feeding practices and screen time behaviors, and
many of the same children are at higher risk for poor cognitive and ac-
ademic achievement, the relationships examined in this study also
have implications for socioeconomic disparities (Martin et al., 2014;
Taveras et al., 2013). Future research should utilizemore rigorousmeth-
odology to better explore causality, dose–response and issues of dispar-
ities. As early learning has rightfully become an area of priority, research
on children's diet and activity behaviors should include cognitive and
developmental outcomes. Efforts to promote healthy eating and active
living from birth, important components of recommendations for obe-
sity prevention, could be bolstered by increasing the evidence for how
these health behaviors could also contribute to children's cognition
and learning.
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Appendix A. Search strings by database
A.1. Medline
(physical fitness OR exercis* OR physical activit* OR exertion OR
play* OR active play* OR activit* OR (play & playthings) OR gross
motor skills OR fundamental movement skills) AND (cognitive control
OR working memory OR inhibitory control OR reasoning OR task flexi-
bility OR problem solving OR child development OR neurocognit* OR
brain growth and development OR cognit* OR executive function OR
388 P.S. Tandon et al. / Preventive Medicine Reports 3 (2016) 379–390
self-regulation OR executive flexibility OR child development OR aca-
demic OR achievementOR kindergarten readinessOR IQOR intelligence
quotient) NOT (autismOR adhdOR cerebral palsy OR pretermOR phys-
ical disability OR review OR microbiology).
(diet* pattern OR diet* quality OR diet quality indexORdietary index
OR diet OR nutrition OR diet* intake OR infan* diet* OR infant feeding
OR eating behavior OR breast milk) AND (cognitive control OR working
memory OR inhibitory control OR reasoningOR task flexibility OR prob-
lem solving OR child development OR neurocognit* OR brain growth
and development OR cognit* OR executive function OR self-regulation
OR executive flexibility OR child development OR academic OR achieve-
ment OR kindergarten readiness OR IQ OR intelligence quotient OR test
score*) NOT (autismOR adhdOR cerebral palsy OR pretermORphysical
disability OR review OR microbiology).
Filters: publication dates: 10 years; species: humans; ages: infant:
birth-23 months, preschool child: 2-5 years; language: English.
A.2. ERIC
(“physical fitness”OR exercise OR “physical activity”OR exertion OR
play OR “active play”OR activity OR “play& playthings”OR “grossmotor
skills” OR “fundamental movement skills”) AND (“young child” OR pre-
school OR “preschool child” OR preschooler OR “early childhood”) AND
(“cognitive control” OR “working memory” OR reasoning OR “task flex-
ibility” OR “problem solving” OR “child development” OR
neurocognitive OR “brain growth and development” OR cognition OR
“executive function” OR “self-regulation” OR “executive flexibility” OR
“child development” OR academic OR achievement OR “kindergarten
readiness”) NOT (autism OR adhd OR “cerebral palsy” OR preterm OR
“physical disability” OR review OR microbiology).
(“diet* pattern” OR “diet* quality” OR “diet quality index” OR “die-
tary index” OR diet OR nutrition OR “diet* intake” OR “infan* diet*” OR
“infant feeding” OR “eating behavior” OR (breast AND milk)) AND
(“young child” OR preschool OR “preschool child” OR preschooler OR
“early childhood” OR infan*) AND (“cognitive control” OR “working
memory” OR “inhibitory control” OR reasoning OR “task flexibility” OR
“problem solving” OR “child development” OR neurocognit* OR “brain
growth and development” OR cognit* OR “executive function” OR
“self-regulation” OR “executive flexibility” OR “child development” OR
academic OR achievement OR “kindergarten readiness”OR IQOR “intel-
ligence quotient” OR “test score*”) NOT (autism OR adhd OR “cerebral
palsy”ORpretermOR “physical disability”OR reviewORmicrobiology).
Filters: publication date: last 10 years.
A.3. PsycInfo
(physical fitness OR exercis* OR physical activit* OR exertion OR
play* OR active play* OR activit* OR (play & playthings) OR gross
motor skills OR fundamental movement skills) AND (cognitive control
OR working memory OR inhibitory control OR reasoning OR task flexi-
bility OR problem solving OR child development OR neurocognit* OR
brain growth and development OR cognit* OR executive function OR
self-regulation OR executive flexibility OR child development OR aca-
demic OR achievementOR kindergarten readinessOR IQOR intelligence
quotient) NOT (autismOR adhdOR cerebral palsy OR pretermOR phys-
ical disability OR review OR microbiology).
((diet* AND pattern) OR (diet* AND quality) OR (diet AND quality
AND index) OR (dietary AND index) OR diet OR nutrition OR (diet*
AND intake) OR (infan* AND diet*) OR (infant AND feeding) OR (eating
AND behavior) OR (breast AND milk)) AND ((cognitive AND control)
OR (working AND memory) OR (inhibitory AND control) OR reasoning
OR (task AND flexibility) OR (problem AND solving) OR (child AND de-
velopment) ORneurocognit*OR (brain ANDgrowth)ANDdevelopment
OR cognit* OR (executive AND function) OR self-regulation OR (execu-
tive AND flexibility) OR (child AND development) OR academic OR
achievement OR (kindergarten AND readiness) OR IQ OR (intelligence
AND quotient) OR (test AND score*)) NOT (autism OR adhd OR (cere-
bral AND palsy) OR preterm OR (physical AND disability) OR review
OR microbiology).
Filters: human, infancy (b2 to 23 monthsN), preschool age (b2 to
5 yrs.N), English, last 10 years.
References
Afzal, A.S., Gortmaker, S., 2015. The relationship between obesity and cognitive perfor-
mance in children: a longitudinal study. Child. Obes. 11 (4), 466–474 (Print).
Alexy, U., Libuda, L., Mersmann, S., Kersting, M., 2011. Convenience foods in children's diet
and association with dietary quality and body weight status. Eur. J. Clin. Nutr. 65 (2),
160–166.
American Academy of Pediatrics APHA, National Resource Center for Health and Safety in
Child Care and Early Education, 2012t. Preventing Childhood Obesity in Early Care
and Education: Selected Standards from Caring for Our Children: National Health
and Safety Performance Standards; Guidelines for Early Care and Education Pro-
grams. third ed. American Academy of Pediatrics, American Public Health Association,
and National Resource Center for Health and Safety in Child Care and Early Education
http://nrckids.org/CFOC3/PDFVersion/preventing_obesity.pdf. Accessed February 1
2013, 2013.
Australia's Physical Activity and Sedentary Behaviour Guidelines. (http://www.
health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-strateg-
phys-act-guidelines#npa05. Accessed October 1, 2015).
Becker, D.R., McClelland, M.M., Loprinzi, P., Trost, S.G., 2014. Physical activity, self-regulation,
and early academic achievement in preschool children. Early Educ. Dev. 25 (1), 56–70.
Beets, M.W., Bornstein, D., Dowda, M., Pate, R.R., 2011. Compliance with national guide-
lines for physical activity in U.S. preschoolers: measurement and interpretation. Pedi-
atrics 127 (4), 658–664.
Belfort, M.B., Rifas-Shiman, S.L., Kleinman, K.P., et al., 2013. Infant feeding and childhood
cognition at ages 3 and 7 years: effects of breastfeeding duration and exclusivity.
JAMA Pediatr. 167 (9), 836–844.
Best, J.R., 2010. Effects of physical activity on children's executive function: contributions
of experimental research on aerobic exercise. Dev. Rev. 30 (4), 331–551.
Bryan, J., Osendarp, S., Hughes, D., Calvaresi, E., Baghurst, K., van Klinken, J.W., 2004. Nu-
trients for cognitive development in school-aged children. Nutr. Rev. 62 (8), 295–306.
Carlson, S.A., Fulton, J.E., Lee, S.M., et al., 2008. Physical education and academic achieve-
ment in elementary school: data from the early childhood longitudinal study. Am.
J. Public Health 98 (4), 721–727.
Carson, V., Hunter, S., Kuzik, N., et al., 2015a. Systematic review of physical activity and
cognitive development in early childhood. J. Sci. Med. Sport.
Carson, V., Kuzik, N., Hunter, S., et al., 2015b. Systematic review of sedentary behavior and
cognitive development in early childhood. Prev. Med. 78, 115–122.
Copeland, K.A., Sherman, S.N., Kendeigh, C.A., Kalkwarf, H.J., Saelens, B.E., 2012. Societal
values and policiesmay curtail preschool children's physical activity in child care cen-
ters. Pediatrics 129 (2), 265–274.
Data - Low Income. [Database]. 2015; http://data.worldbank.org/income-level/LIC, 2015.
Datar, A., Sturm, R., 2006. Childhood overweight and elementary school outcomes. Int.
J. Obes. (2005) 30 (9), 1449–1460.
Davis, E.E., Pitchford, N.J., Limback, E., 2011. The interrelation between cognitive and
motor development in typically developing children aged 4–11 years is underpinned
by visual processing and fine manual control. Br. J. Psychol. 102 (3), 569–584
(London, England: 1953).
Diamond, A., 2007. Interrelated and interdependent. Dev. Sci. 10 (1), 152–158.
Diamond, A., Lee, K., 2011a. Interventions shown to aid executive function development
in children 4 to 12 years old. Science 333 (6045), 959–964.
Diamond, A., Lee, K., 2011b. Interventions shown to aid executive function development
in children 4 to 12 years old. Science 333 (6045), 959–964 (New York, N.Y.).
Davenport, M.J., 2010. The relationship between physical fitness and academic achieve-
ment. Journal of Physical Education, Recreation & Dance 81 (6), 12.
Draper, C.E., Achmat, M., Forbes, J., Lambert, E.V., 2012. Impact of a community-based pro-
gramme for motor development on gross motor skills and cognitive function in pre-
school children from disadvantaged settings. Early Child Dev. Care 182 (1), 137–152.
Erickson, K.I., Hillman, C.H., Kramer, A.F., 2015. Physical activity, brain, and cognition.
Curr. Opin. Behav. Sci. 4, 27–32.
Fedewa, A.L., Ahn, S., 2011. The effects of physical activity and physical fitness on
children's achievement and cognitive outcomes: a meta-analysis. Res. Q. Exerc.
Sport 82 (3), 521–535.
Feinstein, L., Sabates, R., Sorhaindo, A., et al., 2008. Dietary patterns related to attainment
in school: the importance of early eating patterns. J. Epidemiol. Community Health 62
(8), 734–739.
Gagne, C., Harnois, I., 2013. The contribution of psychosocial variables in explaining pre-
schoolers' physical activity. Health Psychol.: Official Journal of the Division of Health
Psychology, American Psychological Association. 32 (6), 657–665.
Gale, C.R., Martyn, C.N., Marriott, L.D., et al., 2009. Dietary patterns in infancy and cogni-
tive and neuropsychological function in childhood. J. Child Psychol. Psychiatry 50
(7), 816–823.
Gartrell, D., Sonsteng, K., 2008. Promote physical activity—it's proactive guidance. Young
Children 63 (2), 51–53.
Gaus, M.D., Simpson, C.G., 2009. Integrating physical activity into academic pursuits.
Kappa Delta Pi Record 45 (2), 88–91.
Golley, R.K., Smithers, L.G., Mittinty, M.N., Emmett, P., Northstone, K., Lynch, J.W., 2013.
Diet quality of U.K. infants is associated with dietary, adiposity, cardiovascular, and
cognitive outcomes measured at 7-8 years of age. J. Nutr. 143 (10), 1611–1617.
389P.S. Tandon et al. / Preventive Medicine Reports 3 (2016) 379–390
Gomez-Pinilla, F., 2008. Brain foods: the effects of nutrients on brain function. Nat. Rev.
Neurosci. 9 (7), 568–578.
Goodway, J.D., Branta, C.F., 2003. Influence of a motor skill intervention on fundamental
motor skill development of disadvantaged preschool children. Res. Q. Exerc. Sport
74 (1), 36–46.
Hardy, L.L., Barnett, L., Espinel, P., Okely, A.D., 2013. Thirteen-year trends in child and ad-
olescent fundamental movement skills: 1997–2010. Med. Sci. Sports Exerc. 45 (10),
1965–1970.
Hillman, C.H., Buck, S.M., Themanson, J.R., Pontifex, M.B., Castelli, D.M., 2009. Aerobic fit-
ness and cognitive development: event-related brain potential and task performance
indices of executive control in preadolescent children. Dev. Psychol. 45 (1), 114–129.
Hillman, C.H., Belopolsky, A.V., Snook, E.M., Kramer, A.F., McAuley, E., 2004. Physical activ-
ity and executive control: implications for increased cognitive health during older
adulthood. Res. Q. Exerc. Sport 75 (2), 176–185.
Isaacs, E.B., Gadian, D.G., Sabatini, S., et al., 2008. The effect of early human diet on caudate
volumes and IQ. Pediatr. Res. 63 (3), 308–314.
Isquith, P.K., Crawford, J.S., Espy, K.A., Gioia, G.A., 2005. Assessment of executive function
in preschool-aged children. Ment. Retard. Dev. Disabil. Res. Rev. 11 (3), 209–215.
Jacka, F.N., Cherbuin, N., Anstey, K.J., Sachdev, P., Butterworth, P., 2015. Western diet is as-
sociated with a smaller hippocampus: a longitudinal investigation. BMC Med. 13.
Kiefte-de Jong, J.C., de Vries, J.H., Bleeker, S.E., et al., 2013. Socio-demographic and lifestyle
determinants of ‘Western-like’ and ‘health conscious’ dietary patterns in toddlers. Br.
J. Nutr. 109 (1), 137–147.
Kirk, S.M., Vizcarra, C.R., Looney, E.C., Kirk, E.P., 2014. Using physical activity to teach ac-
ademic content: a study of the effects on literacy in head start preschoolers. Early
Childhood Educ. J. 42 (3), 181–189.
Kranz, S., Findeis, J.L., Shrestha, S.S., 2008. Use of the revised children's diet quality index
to assess preschooler's diet quality, its sociodemographic predictors, and its associa-
tion with body weight status. J. Pediatr. 84 (1), 26–34.
Kussmann,M., Krause, L., Siffert, W., 2010. Nutrigenomics: where arewewith genetic and
epigenetic markers for disposition and susceptibility? Nutr. Rev. 68 (Suppl. 1),
S38–S47.
Lazarou, C., Panagiotakos, D.B., Matalas, A.L., 2009. Level of adherence to the Mediterra-
nean diet among children from Cyprus: the CYKIDS study. Public Health Nutr. 12
(7), 991–1000.
Leckie, R.L., Manuck, S.B., Bhattacharjee, N., Muldoon, M.F., Flory, J.M., Erickson, K.I., 2014.
Omega-3 fatty acids moderate effects of physical activity on cognitive function.
Neuropsychologia 59, 103–111.
Lees, C., Hopkins, J., 2013. Effect of aerobic exercise on cognition, academic achievement,
and psychosocial function in children: a systematic review of randomized control tri-
als. Prev. Chronic Dis. 10, E174.
Liang, J., Matheson, B.E., Kaye,W.H., Boutelle, K.N., 2014. Neurocognitive correlates of obe-
sity and obesity-related behaviors in children and adolescents. Int. J. Obes. (2005) 38
(4), 494–506.
Library, N.E., 2014. In: USDo, A. (Ed.), A Series of Systematic Reviews on the Relationship
between Dietary Patterns and Health Outcomes. Center for Nutrition Policy and Pro-
motion, Alexandria, VA.
Lipnowski, S., Leblanc, C.M., 2012. Healthy active living: physical activity guidelines for
children and adolescents. Paediatr. Child Health 17 (4), 209–212.
Livesey, D., Keen, J., Rouse, J., White, F., 2006. The relationship between measures of exec-
utive function, motor performance and externalising behaviour in 5- and 6-year-old
children. Hum. Mov. Sci. 25 (1), 50–64.
Lubans, D.R., Morgan, P.J., Cliff, D.P., Barnett, L.M., Okely, A.D., 2010. Fundamental move-
ment skills in children and adolescents: review of associated health benefits. Sports
Med. 40 (12), 1019–1035 (Auckland, N.Z.).
Mahar, M.T., Murphy, S.K., Rowe, D.A., Golden, J., Shields, A.T., Raedeke, T.D., 2006. Effects
of a classroom-based program on physical activity and on-task behavior. Med. Sci.
Sports Exerc. 38 (12), 2086–2094.
Malik, V.S., Willett, W.C., Hu, F.B., 2013. Global obesity: trends, risk factors and policy im-
plications. Nat. Rev. Endocrinol. 9 (1), 13–27.
Martin, A., Saunders, D.H., Shenkin, S.D., J., S., 2014. Lifestyle intervention for improving
school achievement in overweight or obese children and adolescents. Cochrane Data-
base Syst. Rev. 3, Cd009728.
Mavilidi, M.-F., Okely, A.D., Chandler, P., Cliff, D.P., Paas, F., 2015. Effects of integrated
physical exercises and gestures on preschool children's foreign language vocabulary
learning. Educ. Psychol. Rev. 27 (3), 413–426.
Mierau, A., Hulsdunker, T., Mierau, J., Hense, A., Hense, J., Struder, H.K., 2014. Acute exer-
cise induces cortical inhibition and reduces arousal in response to visual stimulation
in young children. Int. J. Dev. Neurosci.: The Official Journal of the International Soci-
ety for Developmental Neuroscience 34, 1–8.
Miller, J.L., Couch, J., Schwenk, K., et al., 2009. Early childhood obesity is associated with
compromised cerebellar development. Dev. Neuropsychol. 34 (3), 272–283.
McGuire, S., 2011. Institute of Medicine (IOM) Early Childhood Obesity Prevention Poli-
cies. 3(1). The National Academies Press, Washington, DC, pp. 56–57 Advances in
nutrition (Bethesda, Md.). 2012.
McWilliams, C., Ball, S.C., Benjamin, S.E., Hales, D., Vaughn, A., Ward, D.S., 2009. Best-prac-
tice guidelines for physical activity at child care. Pediatrics 124 (6), 1650–1659.
Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. BMJ 339, b2535 (Clinical re-
search Ed.).
National Research C, 2000. Institute of Medicine Committee on Integrating the Science of
Early Childhood D. In: Shonkoff, J.P., Phillips, D.A. (Eds.), From Neurons to
Neighborhoods: The Science of Early Childhood Development. National Academies
Press (US), Washington (DC) Copyright 2000 by the National Academy of Sciences.
All rights reserved.
Niederer, I., Kriemler, S., Gut, J., et al., 2011. Relationship of aerobic fitness andmotor skills
with memory and attention in preschoolers (Ballabeina): a cross-sectional and longi-
tudinal study. BMC Pediatr. 11, 34.
Northstone, K., Joinson, C., Emmett, P., Ness, A., Paus, T., 2012. Are dietary patterns in
childhood associated with IQ at 8 years of age? A population-based cohort study.
J. Epidemiol. Community Health 66 (7), 624–628.
Nyaradi, A., Li, J., Hickling, S., Whitehouse, A.J., Foster, J.K., Oddy, W.H., 2013. Diet in the
early years of life influences cognitive outcomes at 10 years: a prospective cohort
study. Acta Paediatr. 102 (12), 1165–1173 (Oslo, Norway: 1992).
Palmer, K.K., Miller, M.W., Robinson, L.E., 2013. Acute exercise enhances preschoolers'
ability to sustain attention. J. Sport Exerc. Psychol. 35 (4), 433–437.
Pellegrini, A.D., Smith, P.K., 1998. Physical activity play: the nature and function of a
neglected aspect of playing. Child Dev. 69 (3), 577–598.
Physical Activity and Fitness Recommendations for Physical Activity Professionals. Na-
tional Association for Sport and Physical Education, Reston (VA).
Piek, J.P., Dawson, L., Smith, L.M., Gasson, N., 2008. The role of early fine and gross motor
development on later motor and cognitive ability. Hum. Mov. Sci. 27 (5), 668–681.
Piernas, C., Popkin, B.M., 2011. Increased portion sizes from energy-dense foods affect
total energy intake at eating occasions in US children and adolescents: patterns and
trends by age group and sociodemographic characteristics, 1977–2006. Am. J. Clin.
Nutr. 94 (5), 1324–1332.
Rasberry, C.N., Lee, S.M., Robin, L., et al., 2011. The association between school-based
physical activity, including physical education, and academic performance: a system-
atic review of the literature. Prev. Med. 52, S10–S20.
Reedy, J., Krebs-Smith, S.M., 2010. Dietary sources of energy, solid fats, and added sugars
among children and adolescents in the United States. J. Am. Diet. Assoc. 110 (10),
1477–1484.
Rhemtulla, M., Tucker-Drob, E.M., 2011. Correlated longitudinal changes across linguistic,
achievement, and psychomotor domains in early childhood: evidence for a global di-
mension of development. Dev. Sci. 14 (5), 1245–1254.
Robinson, L.E., Wadsworth, D.D., Peoples, C.M., 2012. Correlates of school-day physical ac-
tivity in preschool students. Res. Q. Exerc. Sport 83 (1), 20–26.
Rosey, F., Keller, J., Golomer, E., 2010. Impulsive-reflective attitude, behavioural inhibition
and motor skills: are they linked? Int. J. Behav. Dev. 34 (6), 511–520.
Roth, K., Ruf, K., Obinger, M., et al., 2010. Is there a secular decline in motor skills in pre-
school children? Scand. J. Med. Sci. Sports 20 (4), 670–678.
Sallis, J.F., Saelens, B.E., 2000. Assessment of physical activity by self-report: status, limita-
tions, and future directions (vol 71, pg 1, 2000). Res. Q. Exerc. Sport 71 (4), 409.
Schwartz, M.B., Henderson, K.E., Grode, G., et al., 2015. Comparing current practice to rec-
ommendations for the child and adult care food program. Childhood Obesity (Print).
Sisson, S.B., Church, T.S., Martin, C.K., et al., 2009. Profiles of sedentary behavior in children
and adolescents: the US National Health and Nutrition Examination Survey,
2001–2006. Int. J. Pediatr. Obes. 4 (4), 353–359.
Smithers, L.G., Golley, R.K., Mittinty, M.N., et al., 2012. Dietary patterns at 6, 15 and
24 months of age are associated with IQ at 8 years of age. Eur. J. Epidemiol. 27 (7),
525–535.
Smithers, L.G., Golley, R.K., Mittinty, M.N., et al., 2013. Do dietary trajectories between in-
fancy and toddlerhood influence IQ in childhood and adolescence? Results from a
prospective birth cohort study. PLoS ONE 8 (3), e58904.
Smithers, L.G., Kramer, M.S., Lynch, J.W., 2015. Effects of breastfeeding on obesity and in-
telligence: causal insights from different study designs. JAMA Pediatr. 169 (8),
707–708.
Stodden, D.F., Goodway, J.D., Langendorfer, S.J., et al., 2008. A developmental perspective
on the role of motor skill competence in physical activity: an emergent relationship.
Quest 60 (2), 290–306.
Taveras, E.M., Gillman, M.W., Kleinman, K.P., Rich-Edwards, J.W., Rifas-Shiman, S.L., 2013.
Reducing racial/ethnic disparities in childhood obesity: the role of early life risk fac-
tors. JAMA Pediatr. 167 (8), 731–738.
Trost, S., 2009. Active Education: Physical Education, Physical Activity and Academic Per-
formance. A Research Brief. Active Living Research, A National Program of the Robert
Wood Johnson Foundation, Princeton, NJ.
Tucker-Drob, E.M., Briley, D.A., Harden, K.P., 2013. Genetic and environmental influences
on cognition across development and context. Curr. Dir. Psychol. Sci. 22 (5), 349–355.
UK Physical Activity Guidelines. 2011; (https://www.gov.uk/government/publications/
uk-physical-activity-guidelines. Accessed October 1, 2015).
von Stumm, S., 2012. You are what you eat? Meal type, socio-economic status and cogni-
tive ability in childhood. Intelligence 40 (6), 576–583.
Welk, G., Corbin, C., Dale, D., 2000. Measurement issues for the assessment of physical ac-
tivity in children. (vol 71, pg 59, 2000). Res. Q. Exerc. Sport 71 (3), 312.
Welk, G.J., Jackson, A.W.,Morrow Jr., J.R., Haskell,W.H., Meredith, M.D., Cooper, K.H., 2010.
The association of health-related fitness with indicators of academic performance in
Texas schools. Res. Q. Exerc. Sport 81 (3 Suppl), S16–S23.
Yau, P.L., Castro, M.G., Tagani, A., Tsui, W.H., Convit, A., 2012. Obesity and metabolic syn-
drome and functional and structural brain impairments in adolescence. Pediatrics
130 (4), e856–e864.
390 P.S. Tandon et al. / Preventive Medicine Reports 3 (2016) 379–390
